RESUMO
A redução do teor de fósforo disponível (P disp 
INTRODUCTION
The main idea of using phytase in the diet for broilers is based on the reduction in the content of available phosphorus ( av P) accompanied by the inclusion of this enzyme. With this, it is expected that the av P content present in the diet, added to the content of phytate P ( phy P) made available by the catalytic action of the phytase, meets the P requirement of the bird (HAN et al., 2009) . The industry related to broiler nutrition, normally has recommended the phytase supplementation with an inclusion level between 500 and 1,000 units of phytase activity (FTU) kg -1 of diet (BERTECHINI, 2012) . According to JENDZA et al. (2006) , 500FTU kg -1 are equivalent to the addition of 0.12% inorganic P in the diet. SHAW et al. (2011) , in I Departamento de Zootecnia, Universidade Federal de Lavras (UFLA), CP 3037, 37200-000, Lavras, MG, Brasil. E-mail: luciana.naves@hotmail.com. *Autor para correspondência.
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turn, reported that it is possible to reduce P in the diet formulation in 0.16% using 1,000FTU kg -1
. These values of equivalence represent good results; but with the constant progress of the techniques of commercial production of phytase, the price of the enzyme has decreased, arousing the interest of evaluating higher rates of inclusion of phytase so that the avP content in the broiler diet can be reduced even more resulting in lower cost with feeding birds and lower excretion of P in the environment (MENEGHETTI et al., 2011) .
The use of inclusion levels above of 1,000FTU kg -1 of diet have been evaluated for the broilers of the commercial strain Cobb 500 ® (MANANGI & COON, 2008; MENEGHETTI et al., 2011; WALK et al., 2013) . However, most of the recent researches have been conducted only with male broilers, necessitating further studies to evaluate whether there is an infl uence of the bird sex. Therefore, this study was conducted with male and female broilers Cobb 500 ® , in the period from 15 to 28 days of age, to determine the level of phytase that should be utilized when the diet is formulated with only 0.213% of av P. For this, will be considered the phytase level which will allow to improve the P retention, in addition to maintain the performance, tibia ash content and utilization of the calcium (Ca) similar to determine for broilers fed with a positive control diet.
MATERIALS AND METHODS
One experiment was conducted in the Aviculture Sector of the Department of Animal Science of the Federal University of Lavras, Brazil. The experimental design was completely randomized, in a (4+1) x2 factorial arrangement, with four diets equally defi cient in av P supplemented with increasing levels of 6-phytase synthesized by Aspergillus oryzae (0; 750; 1,500 and 2,250FTU kg -1 of diet) plus one positive control diet without phytase, formulated according to the nutritional recommendations of ROSTAGNO et al. (2005) , supplied to male and female broilers.
Each one of the fi ve experimental diets was used in the mashed physical form, and was evaluated in three replications of four birds each, totaling 60 birds for each sex. Evaluating the effect of sex of birds is part of the objective of this research. Moreover, the use of male and female birds within a same cage (mixed housing) could increase the coeffi cient of variation of the experiment; thus, the sex was considered a factor within the factorial design to minimize the variation between the repetitions of the same treatment, promoting an experiment with a smaller mean square error.
Thus, 60 males and 60 females of chicks Cobb 500
® were acquired at one day of age, sexed, and raised in a masonry shed up to 14 days of age, receiving basal diet formulated to meet their nutritional requirements (ROSTAGNO et al., 2005) . On the 15th day of age, birds were weighed individually and transferred to cages (experimental units with dimensions 50x 50x50cm) in a metabolism room, so that the experimental units presented initial average weight of broilers similar to one another (0.465kg ± 0.002). The room was provided with constantly illumination (24 hours of light maintained by incandescent lamps of 100 watts) and the temperature was maintained between 22 and 26ºC. Each cage was provided with one pressure-type drinker, one individual gutter-type feeder with edge, and one tray for the collection of excreta. Experimental diets (Table 1 ) and water were supplied ad libitum in the period from 15 to 28 days of age.
The total experimental period comprised 13 days, ten of which were for adaptation to the facilities and experimental diets, followed by three days (RODRIGUES et al., 2005) of total collection of excreta (SIBBALD & SLINGER, 1963) . Feed intakes (FI) in the total period (from 15 to 28 days of age of the broilers) and in the collection period (from 25 to 28 days of age of the broilers) were calculated. Weight gain (WG) of the broilers was calculated in the total period and the feed conversion (FC) was calculated by dividing FI by WG.
The total collection of excreta was performed daily in the morning, so that the excreta of an experimental unit was collected in identifi ed plastic bags and stored in freezer until the last day of collection, when the samples were homogenized and then 400 grams of each sample was pre-dried in an oven at 55ºC during 72 hours. The dry matter, Ca and total P contents were determined in the excreta and diets according to methods of number 934.01, 935.13 and 965.17, respectively (AOAC, 2005) . Balance and retention of the Ca and total P were calculated based on the dry matter. Retention coeffi cient of ( Ret C) of the nutrient was calculated by the equation Ret C (%) = [(nutrient intake -absolute excretion of the nutrient)/nutrient intake] x100. Moreover, at the end of the experiment, three birds per replication were slaughtered for the removal of the left tibia, which was subsequently striped off its fl esh, dried at 105ºC, scoured with ethyl ether and incinerated at 600ºC, determining the ash content (method 942.05 of the AOAC, 2005).
The data were subjected to variance analysis utilizing the software SAS (2004). Models of regression (P<0.05) were utilized to evaluate the level of phytase supplementation. The signifi cance of broiler sex was evaluated by the F test (P<0.05). Moreover, the positive control diet was compared with the other experimental diets by Dunnett's test (P<0.05).
RESULTS AND DISCUSSION
There was no interaction (P>0.05) between the phytase level in the diet and the sex of birds for all performance parameters (Table 2 ). However, there was isolated effect of the sex (P<0.01), so that the males showed 10.26% bigger FI, 15.17% greater WG and 4.52% better FC, corroborating to MENDES et al. (2004) , who reported that male broilers usually present better performance than females when reared under the same conditions. The increase of the phytase level in the diet affected (P<0.05 and P<0.01, respectively), the FI and WG of the broilers in a quadratic manner, estimating greater FI and WG with the use of 1,069 and 1,401FTU kg -1 of diet, respectively. Already the FC of the broilers decreased (P<0.05) linearly with the increasing supplementation of phytase, with an improvement of up to 3.85% in this parameter with the use of 2,250FTU kg -1 of diet. Similarly, FUKAYAMA et al. (2008) also verifi ed quadratic effects for FI and WG and decreasing linear effect for FC in male broilers from 1 to 20 days of age fed with diets defi cient in av P (0.273%) without phytase or supplemented with 500, 750 or 1,000FTU kg -1 of diet. The quadratic effect of the phytase level in the diet on the FI and WG is probably due to the fact that, with lower inclusion levels of phytase, the broilers tend to consume more feed to compensate the reducing of the P in the feed, and thus they gain more weight. However, with the inclusion of higher phytase levels, there are a lot releasing of the phytate P from feed, which may cause a nutritional imbalance that reduces the FI and WG of the broilers.
Concerning the positive control diet, there was no difference (P>0.05) for FI; but, there was difference (P<0.05) for WG and FC. Broilers fed with Ciência Rural, v.44, n.8, ago, 2014. diet containing 0.213% av P without phytase presented worsening of 7.75% in WG, indicating that this diet did not supply P at an amount enough for the adequate development of the birds, but when phytase was utilized at levels as from 750FTU kg -1 , the phy P present in the vegetable ingredients of the diet was hydrolyzed by the enzyme at amount enough to prevent damage in the WG of the birds. However, only the diets defi cient in av P containing 1,500 or 2,250FTU kg -1 promoted FC similar to the observed for broilers from the positive control group. Nevertheless, the recommendation of the phytase level in the diet formulation should also consider an adequate bone mineralization (SAKOMURA & ROSTAGNO, 2007) .
There was no interaction (P>0.05) between the phytase levels and the bird sex, nor isolate effect (P>0.05) from sex for the tibia ash content (Table 2) . However, the increase of the phytase level improvement linearly (P<0.01) this bone parameter. These results corroborate to SANTOS et al. (2008) and HAN et al. (2009) who also observed improvement in the bone mineralization of broiler fed diets defi cient in P, but supplemented with phytase.
Furthermore, it was observed that only using 2,250FTU kg -1 of diet, the deposition of mineral matter in the tibia was similar to that determined for the broilers from the positive control group. Contrarily, FUKAYAMA et al. (2008) verifi ed that 750FTU kg -1 was enough to prevent reduction in bone mineralization; however, the decrease of the av P content in this diet was of only 36%, which is inferior to the value evaluated in this research (50% of requirement). Besides, in the experiment of FUKAYAMA et al. (2008) , diets contained 5.5% of defatted rice bran, increasing the content of phy P in the diet, which might have increased the catalytic effi ciency of phytase because there was more substrate to be catalyzed.
There was no interaction (P>0.05) between the level of phytase and sex for the balance and retention of Ca (Table 3 ). However, males Table 2 -Performance (in the period from 15 to 28 days of age) and tibia ash content (at 28 days of age) of broilers fed with diets deficient in available phosphorus (avP) supplemented with increasing levels of phytase. consumed and excreted (P<0.01) more Ca, which can be explained by the greater FI that they presented (Table 2) , associated with the fact of that the sex did not affect (P>0.05) the utilization of this mineral (Table 3) . Similarly to what was verifi ed for FI, the phytase level affected of quadratic manner (P<0.01) the Ca intake, with the highest value estimated for the diet with 1,222FTU kg -1
. The Ca excretion was reduced linearly (P<0.01) in 14.13% with the use of 2,250FTU kg -1 of diet, which is related to the linear improvement (P<0.01) in the Ca utilization promoted by the increasing levels of enzyme in the diet.
The broilers feed diet without phytase, formulated with reduced content of av P, presented Table 3 -Balance and retention coefficient of calcium and total phosphorus (in dry matter) of broilers, in the period from 25 to 28 days of age, fed diets deficient in available phosphorus (avP) supplemented with increasing levels of phytase. lower Ca utilization (38.38%) compared with the broilers fed with the positive control diet (50.11%). According to TAMIM et al. (2004) , the Ca of the diet can bind to phytate, forming calcium phytate, or to inorg P, forming calcium phosphates such as Ca 3 (PO 4 ) 2 . Thus, it is likely that the increase in the Ca: av P ratio from 2:1 (positive control diet) to 4:1 (negative control diet) worsened the Ca absorption due to a greater rate of complexation of Ca with the av P, since the Ca: phy P ratio in the diets was kept the same (4:1). Moreover, limestone tends to increase the pH of the feed, especially during its passage through the intestine, favoring the formation of calcium phytate (SELLE et al., 2009) . Thus, in the present study, an increase in the formation of calcium phytate might have occurred in the broilers fed diet containing 0.213% av P, because this diet has 84.2% more limestone than the positive control diet. Therefore, the increase in the formation rate of these insoluble complexes in the digestive tract of the broilers fed the negative control diet, without phytase, resulted in greater excretion of Ca followed by worsening of its coeffi cient of utilization.
Although the decrease in the av P content of the diet has impaired the Ca absorption, this parameter was improved by increasing the phytase level in the diet, indicating that the more phytase is utilized greater will be its catalytic action on the phytic acid, thus reducing the power of complexation of its products from catalysis (myo-inositol phosphates with fi ve or fewer phosphate groups) and thus allowing more free Ca to be utilized by the bird (SELLE et al., 2009) . With the use of 2,250FTU kg -1 of diet, the retention coeffi cient of Ca was similar to that determined for broilers fed with the positive control diet.
There was no interaction (P>0.05) between the level of phytase and sex for the balance and retention of total P (Table 3) . However, males presented greater (P<0.01) intake, excretion and retention coeffi cient of total P, corroborating to SCHOULTEN et al. (2002) who also verifi ed that male broilers makes better use of P. Also following the trend verifi ed to FI (Table 2 ), the total P intake was infl uenced of quadratic manner (P<0.05) by the phytase level in the diet, with the greatest total P intake estimated for the diet containing 1,025FTU kg -1 (Table 3) . Besides, as expected, the diets formulated with 0.213% av P promoted less total P intake than the positive control diet, according to Dunnett's test.
The decrease in the av P content of the diet from 0.426% to 0.213% (without the phytase supplementation) reduced the excretion of total P in 45.04%; however, this parameter improved (P<0.05) even more by the increase in the phytase level in the diet, indicating that the greater supplementation of this enzyme promotes greater hydrolysis of phytate that results in the increase of the phy P utilization which, in turn, results in the lower excretion of total P. Thus, the use of 2,250FTU kg -1 of diet decreases the total P excretion in 56.75% when compared with what was observed for birds from the positive control group.
The utilization of total P was infl uenced (P<0.01) by the phytase level in the diet (Table 3) , with the highest retention coeffi cient estimated for the diet containing 2,224FTU kg -1 of diet. This improvement in the retention of total P can be explained by the action of phytase on the phytate of the diet, as reported by several authors (HAN et al., 2009; SANTOS et al., 2011; GOMIDE et al., 2012) , who verifi ed gradual increase in the utilization of phy P in the function of the level of phytase in the diet.
CONCLUSION
Males presented greater feed intake, and better weight gain, feed conversion and total phosphorus utilization. Regardless of sex, when 2,250FTU kg -1 of diet formulated for broilers in the period from 15 to 28 days of age are used, it is possible to reduce the available phosphorus content from 0.426% to 0.213% without impairing performance, the tibia ash content and the retention coeffi cient of calcium, in addition to reducing the total phosphorus excretion in 56.75% and improving its utilization by birds in 38.58%.
